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(57) Abstract 



A well screen having an internal alternate flowpath for delivering gravel slurry 
to different levels within a well annulus and a method for assembling same. The 
screen is comprised of an outer pipe (18) which is concentrically positioned over a 
base pipe (17) so that an annulus is formed therebetween. Both pipes are perforated 
along their respective lengths but only part way around their respective circumferences. 
The respective perforated sections radially align with each other when the pipes are 
assembled. A plurality of longitudinal ribs (22) isolate the annulus (19) adjacent the 
perforated sections (i.e. production side of screen) from the annulus adjacent the 
non-perforated sections (i.e. alternate flowpath side of screen). At least one outlet 
(20) is provided through the non-perforated section of the outer pipe to provide an 
outlet from the internal alternate flowpath. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


CA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


CE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/61913 



PCT/US00/09958 



-1- 

WELL SCREEN HAVING AN INTERNAL ALTERNATE FLOWPATH 

DESCRIPTION 

5 1. Technical Field 

The present invention relates to a gravel pack well screen and in one of 
its aspects relates to (a) a well screen for gravel packing a well which has an internal, 
alternate flowpath formed between two concentric pipes for delivering gravel slurry to 
spaced points within the well annulus around the well screen and (b) a method for 
l o assembling the screen. 

2. Background of the Invention 

In producing hydrocarbons or the like from certain subterranean 
formations, it is common to produce large volumes of particulate material (e.g.. sand) 
along with the formation fluids which must be controlled or it can seriously affect the 

is economic life of the well. One of the most commonly-used techniques for controlling 
sand production is known as "gravel packing". In a typical gravel pack completion, a 
screen is positioned within the wellbore adjacent the interval to be completed and a 
gravel slurry is pumped down the well and into the well annulus around the screen. 
As liquid is lost from the slurry into the formation and/or through the screen, gravel is 

20 deposited around the screen to form a permeable mass around the screen. This gravel 
is sized to allow produced fluids to flow therethrough but block the flow of any 
particulate material into the screen. 

A major problem in gravel packing - especially where long or inclined 
intervals are to be completed - lies in adequately distributing the gravel over the entire 

25 completion interval, i.e. completely packing the well annulus along the length of the 
screen. Poor distribution of gravel (i.e. voids in the gravel pack) is often caused when 
liquid from the gravel slurry is lost prematurely into the more permeable portions of 
the formation thereby causing "sand bridge(s)" to form in the annulus before all of the 
gravel has been placed. These sand bridges effectively block further flow of the slurry 

30 through the annulus thereby preventing delivery of gravel to all parts of the 
completion interval. 
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To alleviate this problem, "alternate-path" well tools (e.g.. well 
screens) are now in use which provide good distribution of gravel throughout the 
entire completion interval even when sand bridges form before all of the gravel has 
been placed. Such tools include perforated shunts or by-pass conduits which extend 
5 along the length of the tool and which are adapted to receive gravel slurry as it enters 
the well annulus around the tool. If a sand bridge forms in this annulus, the slurry can 
still pass through the perforated shunt tubes (i.e. alternate-paths) to different levels in 
the annulus above and/or below the bridge. For a more complete description how 
such well tools (e.g.. gravel-pack screens) operate, see US Patent 4,945,991, which is 

l o incorporated herein by reference. 

In many prior-art, alternate-path well screens, the individual shunts 
tubes are carried externally on the outer surface of the screen; see US patents 
4,945,991; 5,082,052; 5,113,935; 5,417,284; and 5,419,394. While this arrangement 
has proven highly successful, externally-mounted shunts do have some disadvantages. 

is For example, by mounting the shunts externally on the screen, the effective, overall 
outside-diameter of the screen is increased. This can be very important especially 
when a screen is to be run into a relatively small-diameter wellbore where even 
fractions of an inch in its outer diameter may make the screen unusable or at least 
difficult to install in the well. 

20 Another disadvantage in mounting the shunts externally is that the 

shunts are thus exposed to damage during assembly and installation of the screen. If 
the shunt is crimped or otherwise damaged during installation, it can become totally 
ineffective in delivering the gravel to all of the levels in the completion interval 
which, in turn, may result in the incomplete packing of the interval. Several 

25 techniques have been proposed for protecting these shunts by placing them inside the 
screen; see US Patents 5,341,880, 5,476,143, and 5,515,915. However, this typically 
makes the construction of such screens more sophisticated, if not more complicated, 
which, in turn, normally results in substantially higher production costs. 

SUMMARY OF THE INVENTION 

30 The present invention provides a gravel-pack, well screen having an 

internal alternate flowpath for delivering gravel slurry to different levels within a well 
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annulus during a gravel pack operation. The distribution of gravel directly to different 
levels within the annulus from the internal alternate flowpath provides a better 
distribution of gravel throughout the completion interval especially when sand bridges 
form in the annulus before all of the gravel has been placed. By placing the alternate 
5 flowpath inside the screen, it is protected from damage and abuse during handling and 
installation of the screen and does not increase the effective diameter of the screen 
which normally occurs when external alternate flowpaths are used. 

More specifically, the well screen of the present invention is comprised of a 
larger-diameter, outer pipe which is concentrically positioned over a base pipe 

10 whereby an annulus is formed between the two pipes. Both of the pipes have 
perforations along their respective lengths but only through a radial portion of their 
respective circumferences which provides each pipe with a respective perforated, 
radial section and a non-perforated, radial section which, in turn, radially align, 
respectively, when the pipes are concentricially positioned. 

15 A plurality of ribs are formed onto or are secured to the base pipe and extend 

longitudinally through the annulus to isolate that portion of the annulus which lies 
adjacent the perforated sections of the pipes from that portion of the annulus which 
lies adjacent the non-perforated sections of the pipes. The annulus adjacent the 
perforated sections forms the production side of the screen while the annulus adjacent 

20 the non-perforated section forms the alternate flowpath through the screen. 

While at least one outlet is provided through the non-perforated section 
of the outer pipe, preferably there are a plurality of outlets (preferably with hardened 
inserts therein) vertically spaced along the length of the non-perforated section of the 
outer pipe to thereby provide outlets for the gravel slurry to flow from the alternate 

25 flowpath into the different levels of the well annulus. The upper and the lower ends 
of the annulus are closed with plates or the like and an inlet is provided through the 
upper plate to allow the gravel slurry to flow only into the alternate flowpath side of 
the screen. 

In operation, the screen is assembled and lowered on a workstring 
3 o down to the production formation within the wellbore. Gravel slurry is pumped down 
the workstring and out of a cross-over into the well annulus surrounding the screen. 
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As the slurry flows into the well annulus, it also flows through the inlet in the upper 
end of the annulus and into the alternate flowpath within the screen (i.e. annulus 
adjacent the non-perforated sections of the concentric pipes). If a sand bridge forms 
in the well annulus before all of the gravel has been placed in the annulus, slurry can 
5 flow through the internal alternate flowpath and out the outlets therein into the 
different levels of the well annulus to finish gravel packing the completion interval. 

Once the gravel pack is complete, the cross-over, etc., is removed and 
the well is put on production. Fluids, produced from the formation, flow through the 
gravel pack, the perforations in both the outer pipe and the base pipe, and into the base 
10 pipe and then to the surface through a tubing string connected to the base pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The actual construction, operation, and apparent advantages of the 
present invention will be better understood by referring to the drawings which are not 
necessarily to scale and in which like numerals identify like parts and in which: 
is FIG. 1 is an elevational view, partly in section and cut-away, of a well 

tool in accordance with the present invention; 

FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1; 
FIG. 3 is a perspective view, partly cut-away, taken along line 3-3 of FIG. 2; 

and 

20 FIG. 4 is a cross-sectional view, similar to that of FIG. 2, of a further 

embodiment of the present invention. 

BEST KNOWN MODE FOR CARRYING OUT THE INVENTION 

Referring more particularly to the drawings, FIG. 1 illustrates the 
present well tool 10 in an operable position within the lower end of a producing and 

25 /or injection wellbore 1 1 . Wellbore 1 1 extends from the surface (not shown) and into 
or through formation 12. Wellbore 11, as shown, is cased with casing 13 having 
perforations 14 therethrough, as will be understood in the art. While wellbore 11 is 
illustrated as being a substantially vertical, cased well, it should be recognized that the 
present invention can be used equally as well in "open-hole" and/or underreamed 

30 completions as well as in horizontal and/or inclined wellbores. Well tool 10 (e.g.. 
gravel pack screen) may be of a single length or it may be comprised of several joints 
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( only the portion of the upper joint is shown) which are connected together with 
threaded couplings and/or blanks or the like which will be understood in the art. 

As shown, a typical joint 15 of gravel pack screen 10 is comprised of a 
base pipe 17 which is fluidly connected to the lower end of a workstring 16 which, in 
5 turn, extends to the surface (not shown). Base pipe 17 is perforated along its length 
but only on one side of its circumference or a portion thereof (e.g. shown as being 
approximately one-half or around 180° of its circumference) to form a "perforated 
section" for a purpose which will become obvious below. The other side of base pipe 
17 is solid along its length and has no perforations or openings therein to form a "non- 
10 perforated section". A larger-diameter, outer pipe or sleeve 18 is concentrically 
positioned over base pipe 17 and is spaced therefrom to thereby form an annulus 19 
therebetween. 

Outer pipe 18 is also perforated along its length and only on one side 
(i.e. 180° of its circumference); "perforated section", but has vertically-spaced outlets 

is 20 along the other side ("non-perforated section") thereof. The perforated side or 
section of outer pipe 18 is radially aligned with the perforated side or section of base 
pipe 17 when screen 10 is assembled and ready for use whereby fluids can readily 
flow into the interior of base pipe 17 through the perforations in both outer pipe 18 
and base pipe 17 as will be further described below, 

20 A plurality of ribs 22, (e.g. a pair of ribs which are diametrically- 

opposed as illustrated in FIGS. 2 and 3), extend longitudinally through annulus 19 to 
sealingly divide and isolate the perforated sections of base pipe 17 and outer pipe 18 
(i.e. production side) from the non-perforated sections of the pipes (i.e. alternate 
flowpath side) for a purpose discussed below. The upper and the lower ends of 

25 annulus 19 are closed with seal means (e.g. caps or plates 22-only top plate shown). 
An inlet(s) 23, 23a, respectively, is provided through top plate 22 and/or through the 
upper circumference of the non-perforated section of outer pipe 18 to provide an inlet 
for the slurry (i.e. solids) only into the "alternate flowpath" side of the screen. 

Preferably, in assembling 10, the perforations in both the base pipe 17 

30 and the outer pipe 18 are provided in the respective perforated sections thereof as 
described above. It should be recognized that, while screen 10 is illustrated as having 
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perforations about approximately 180° of the circumferences of the respective pipes, 
more or less of the respective circumferences may be perforated depending on the 
desired volumes of the production side vis-a-vis the alternate flowpath side, e.g. 75% 
of the respective circumferences could be perforated with the remaining 25% being 
5 non-perforated if greater volume was desired on the production side, and so forth. 
Also, more than two ribs 22 can be used to produce more than one alternate flowpath 
along the non-perforation section of the screen (see dotted lines 22 in FIG. 2) 

As shown in FIGS. 2 and 3, one longitudinal edge (i.e. inner edge) of 
each rib 22 is welded or otherwise secured to base pipe 17 along its length. As 

10 shown, a pair of ribs are spaced diametrically-opposed to each other but again, it 
should be understood that other radial-spacing (e.g. 90° from each other) may be used 
to provide a larger or smaller alternate flowpath or a plurality of ribs 22 can be used to 
provide a plurality of alternate flowpaths (FIG. 2) as the situation may dictate. The 
other edges (i.e. outer edges) of ribs 22 are then slid into the longitudinally-extending 

15 slots 25 which, in turn, are formed along the inner wall of outer pipe 18 as inner pipe 
17 and the attached ribs 22 are moved into position within outer pipe 18. 

If the tolerances between the ribs and their respective slots are not such 
to prevent substantial leakage from the non-perforated section into the perforated 
section, a sealant (e.g. an epoxy resin or the like) can be used to seal between the ribs 

20 and the inner wall of outer pipe 18. The upper and lower ends of annulus 19 is then 
closed with plates 22 so that inlet(s) 23 aligns with the alternate flowpath side of the 
screen. It will be understood that if more than one length or joint of well screen 10 is 
used in a particular gravel-pack operation, an outlet will be provided in the bottom 
plate (not shown) of an upper joint which will be fluidly-connected to the inlet 23 on 

25 an adjacent lower joint so that the alternate flowpath will be continuous throughout 
the entire length of the well screen. 

Screen 10, as illustrated, has a continuous length of a wrap wire 30 
wound onto the outer surface of outer pipe 18. Each coil of the wrap wire 30 is 
slightly spaced from the adjacent coils to form fluid passageways (not shown) 

30 between the respective coils of wire as is commonly done in may commercially- 
available, wire-wrap screens, e.g.. BAXERWELD Gravel Pack Screens, Baker Sand 
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Control, Houston, TX. Spaced outlets 20 can be pre-formed in the non-perforated 
section of outer pipe 18 or they can be drilled after wrap wire 30 is in place. Also, 
each outlet 20 preferably has a hardened insert 20a therein to reduce erosion of the 
outlet during placement of the gravel, see U.S. Patent 5,842,516, issued December 1, 
5 1998, and incorporated herein by reference. 

While ribs 22 can be separate elements of structure which are 
assembled into screen 10 as discussed above, the ribs 22a may also be formed as an 
integral part of inner pipe 17a (FIG. 4). By casting or otherwise forming inner pipe 
17a with integral ribs 22a thereon, there may be substantial savings in the 

10 manufacturing costs of the screen. In this embodiment, the outer pipe 18 will merely 
be positioned over the inner pipe 17a with a sealant applied between the outer ends of 
ribs 22a and the outer pipe 18. 

In a typical gravel pack operation using the present invention, screen 
10 is assembled and lowered into wellbore 11 on workstring 16 until it is positioned 

is adjacent formation 12 and packer 28 is set, as will be understood in the art. Gravel 
slurry (arrows 33 in FIG. 1) is then pumped down the workstring 16, out through ports 
32 in "cross-over" 34, and into the well annulus 35 which surrounds well screen 10. 
The inlet(s) 23 in upper plate 22 is open to also receive the gravel slurry as it enters 
well annulus 35. 

20 As the gravel slurry flows downward in annulus 35 around the screen 

10, it will lose liquid to formation 12 and/or through the screen, itself. The gravel 
carried in the slurry is deposited and collects in the annulus to form a gravel pack 
around the screen 10. If too much liquid is lost from the slurry before the annulus is 
filled, a sand bridge (not shown) is likely to form in the annulus 35 thereby blocking 

25 further flow therethrough which, in turn, prevents further filling of the annulus below 
the bridge. 

In the present invention, if a sand bridge forms before the gravel 
packing has been completed, the gravel slurry is now free to continue to flow 
downward through the alternate flowpath side of screen 10 and out the spaced outlets 
30 20 therein to thereby by-pass the bridge and complete the gravel pack. During the 
gravel-pack operation, gravel can not flow into base pipe 17 since wire wrap 30, while 
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allowing flow of fluids therethrough, will effectively block the flow of the gravel. 
Also, since there are no inlets in top plate 22 on the production side of screen 10, no 
gravel can flow into the production side of annulus 19. 

Once the gravel-pack operation is completed, cross-over 34 is removed 
5 on workstring 16 which, in turn, is typically replaced with a string of production 
tubing (not shown). Well 10 is then put on production whereupon fluids flow from 
formation 12, through the gravel-pack surrounding the screen, between the coils of 
wrap wire 30, and into base pipe 17 through the perforations in pipes 18 and 17 from 
which the fluids are then be produced to the surface through the string of production 

10 tubing (not shown) which, in turn, is fluidly connected to the base pipe 17.. 

The distribution of gravel directly to the various levels in the annulus 
from the alternate flowpath within screen 10 provides a better distribution of gravel 
throughout the entire completion interval especially when sand bridges form in the 
annulus before all of the gravel has been placed. Also, since the alternate flowpath is 

15 formed between the concentric pipes and is therefor positioned within the screen 10, it 
is protected from damage and abuse during handling and installation of the gravel 
pack screen. 



i 
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CLAIMS 

What is claimed is: 

1. A well screen comprising: 

a base pipe having a perforated side and a solid side; 
5 an outer, larger-diameter pipe concentrically-positioned over said base 

pipe thereby forming an annulus therebetween, said outer pipe having a perforated 
side and a solid side which radially-align with said perforated side and said solid side, 
respectively, of said base pipe when said pipes are concentrically positioned; 
seal means for closing the upper end of said annulus; 
xo means positioned within said annulus for isolating said radially- 

aligned, perforated sides of said base pipe and said outer pipe from said radially- 
aligned, solid sides of said base pipe and said outer pipe wherein said perforated sides 
foim the production side of said well screen and wherein said solid sides form the 
alternate flowpath side of said well screen; 
15 means for allowing flow of fluids into said perforated side of said 

screen while blocking flow of solids into said perforated side of said screen; 

at least one outlet in said solid side of said outer pipe; and 
an inlet opening at the upper end of said annulus for allowing flow of 
solids only into said alternate flowpath side of said well screen. 

20 

2. The well screen of claim 1 wherein said means for allowing flow of fluids 
into said perforated side while blocking flow of solids comprises: 

a continuous length of wire wrapped around the outer surface of said 
outer pipe wherein each coil of said wire is spaced from the adjacent coils to thereby 
2 5 provide fluid passages between the coils of wire. 

3. The well screen of claim 1 wherein said means for isolating said production 
side from said alternate path side comprises: 

a plurality of ribs extending longitudinally through said annulus and 
30 extending between said base pipe and said outer pipe, said ribs being radially-spaced 
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from each other within said annulus to divide said annulus between said production 
side and said alternate flowpath side. 

4. The well screen of claim 3 wherein said plurality of ribs comprise: 

a pair of ribs which are positioned diametrically-opposed to each other 
within said annulus. 



5. The well screen of claim 3 wherein said inner edge of each of said ribs is 
secured to said base pipe and the outer edge of each said rib is positioned within a 

io respective longitudinally-extending slot formed within the inner wall of said outer 
pipe. 

6. The well screen of claim 3 wherein said plurality of ribs comprise: 

a plurality of ribs which formed integrally on said inner pipe. 



15 



7. The well screen of claim 1 wherein said at least one outlet comprises: 

a plurality of outlets spaced along the length of said solid side of said 

outer pipe. 



20 8. The well screen of claim 7 including: . 

a hardened insert positioned within each of said plurality of spaced 

outlets. 



9. A method of assembling a well screen comprising: 
25 positioning a base pipe within a larger-diameter outer pipe to form an 

annulus between said pipes; 

providing perforations along the lengths of both said base pipe and said 
outer pipe but only through a portion of the respective circumference of each pipe to 
provide each pipe with a perforated, radial section and a non-perforated, radial section 
3 o which radially align respectively, when said pipes are concentrically-positioned; 
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isolating that portion of said annulus which lies adjacent the aligned, 
perforated radial sections of said pipes from that portion of said annulus which lies 
adjacent aligned non-perforated radial sections of said pipes; 

closing the upper end of said annulus; 
5 providing an inlet through the upper end of said annulus only into said annulus 

adjacent said non-perforated radial sections of said pipes to allow the flow of solids 
into non-perforated section of said annulus; and 

providing at least one outlet through the non-perforated radial section 
of said outer pipe for the outlet of said solids. 

10 

10. The method of claim 9 including: 

wrapping wire around said outer pipe, leaving a space between 
adjacent coils of said wire to form passages therebetween which allow flow of fluids 
therethrough while blocking flow of solids there through. 

15 

11. The method of claim 10 wherein said base pipe and said outer pipe are 
provided with said perforations before the base pipe is positioned within said outer 
pipe. 



20 12. The method of claim 10 including: 

providing additional outlets through the non-perforated radial section 
of said outer pipe, said outlets being spaced longitudinally along the length of said 
outer pipe. 



25 13. The method of claim 10 wherein said portions of said annulus are isolated 

by securing one edge of each of a plurality of radially-spaced ribs to said base pipe, 
and 

positioning the other edge of each of said ribs into a respective 
longitudinally-extending groove formed within the inner wall of said outer pipe. 

30 
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14. The method of claim 10 wherein said portions of said annulus are isolated 
by radially-spaced ribs which are formed integral on said base pipe and which extend 
radially into engagement with said outer pipe. 



5 
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